An alternative to RFT is a numerical modelling technique that takes into account the interactions of spherical grains with each other and with a deforming, submerged solid shaped like a sandfish. However, simulating sand-sized particles would take weeks of computer time. Fortunately, sandfish are happy to burrow in glass beads 3 millimetres in diameter. By observing the lizards moving through the beads, and then using the larger particle size in the simulations, Maladen et al. cut computing time to 'mere' days. The agreement between the simulation and the lizards' performance was better than that derived by RFT, but the procedure was much more time-consuming.
time-consuming. The advantage of both the RFT and numerical modelling techniques is that parameters can be varied to explore patterns and seek optima. Initially, the most striking result was the finding that wave efficiency continues to rise as the animal's body is thrown into higheramplitude waves. But these sharp bends mean that the sandfish covers less forward distance with each undulation. When the forward speed was plotted against the ratio of amplitude to wavelength, the peak speeds occurred at ratios ranging from 0.19 to 0.27 for the various simulations. The authors found that the data collected from actual lizard performance lie at this same peak. Thus, it seems that when fleeing from a potential predator, kinematic efficiency takes a back seat to a speedy retreat.
Designing a biomimetic robot teaches you as much about biology as it does about engineering 5, 6 . In this case, Maladen and colleagues 3 used a sand-swimming robot to determine whether the theory, and the practice as demonstrated by the lizard itself, could be translated into the realm of engineering. The robot consisted of six connected segments, powered by servos, packed in a latex sock and wrapped in a spandex swimsuit.
The researchers showed that the robot is able to swim in granular media at similar speeds to those observed in the other models and in live organisms, but at efficiencies 30% below the predicted maximum. By simulating the segmented robot in the numerical model, they determined that this discrepancy in performance was due to the robot's low number of intersegmental joints. It was not until the researchers used more than 15 segments, creating a robot capable of forming a smoother curve, that wave efficiency approached a maximum. Perhaps the reason that many sand swimmers are elongate, smooth-bodied and small-limbed, with many vertebrae, is to better fall into a curve without the sharp bends that sap energy. 
ingle-molecule spectroscopy and microscopy (SMS) techniques have had a tremendous impact in biophysics -in studies of the motion of individual protein molecules, for example. SMS techniques are also suitable for investigating the underlying heterogeneity in complex liquids and solids, such as that associated with different molecular conformations, and for directly observing dynamic changes in materials at the molecular level. Polymeric materials would therefore seem a natural fit for single-molecule studies, as they are, by definition, structurally
heterogeneous. Yet SMS has so far not been widely used in polymer science, apart from in studies of certain fluorescent polymers [1] [2] [3] [4] . Reporting in Angewandte Chemie, Vogelsang et al. 5 now describe the use of SMS techniques to reveal the conformational dynamics of single polymer chains during solvent vapour annealing (SVA) -an industrially important process in which the exposure of polymer films to solvent vapour enables the polymer molecules to reach conformational equilibrium, thus optimizing the films' useful properties. An understanding of SVA at the molecular level should lead to improvements in this widely used process.
HOST-MICROBE INTERACTION

Innate immunity cues virulence
Salmonella intestinal pathogens employ a clever trick. They use the immune response that their host triggers to destroy them to enhance the expression of genes that mediate the pathogens' virulence.
MICHELLE M. C. BUCKNER & B. BRET T FINL AY
B acterial pathogens use complex strategies to survive and replicate, causing disease as they do so. But how these strategies, which are usually mediated by molecules called virulence factors, are regulated during infection is poorly understood. In a paper published in Cell, Arpaia et al. 1 elegantly demonstrate that the Typhimurium serovar of the bacterium Salmonella enterica activates the host immune system and then uses this innate response as a signal to induce its own virulence genes.
Salmonella species are Gram-negative intestinal pathogens that cause disease ranging from gastroenteritis to typhoid fever, which can be fatal 2 . They are transmitted mainly through contaminated food or water, and colonize their host's intestine. In typhoid fever, the pathogens can cross the intestinal barrier and spread to the spleen and liver by entering and replicating in phagocytic immune cells such as macrophages 2 . The innate immune system is crucial for controlling infectious agents. It recognizes general pathogen-associated molecular patterns (PAMPs), and its function is to both kill pathogens and alert the adaptive immune system 3 . Integral to innate immunity is a family of proteins called Toll-like receptors (TLRs), which recognize various PAMPs and initiate signalling cascades that act to protect the host 3 . Mammals have many TLRs, each of which recognizes certain PAMPs. For example, TLR4, found on the cell surface, recognizes help to direct molecular-design strategies for making improved conductive polymers for device applications. Vogelsang and colleagues' findings are obviously of relevance to industrially important processes for assembling conductive polymer thin films, but in the longer term, they might also be applicable to the control of morphological order in other polymeric functional materials. We expect that surprising discoveries will be made as single-molecule methods are used to explore other subjects in polymer science. ■ 6 . SVA induces translocations and folding/unfolding of molecules in polymer films at ambient temperatures, eventually leading to the formation of macrostructures featuring equilibrated, long-range molecular order 7, 8 . But so far, our understanding of the morphological transformations -the changes in polymer-chain conformations -that occur during SVA has been sketchy.
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Vogelsang et al. 5 are the first to use SMS to study real-time conformational changes in single conductive polymer chains during SVA. They investigated a prototype conductive polymer (poly[2-methoxy-5-(2ʹ-ethylhexyloxy)-1,4-phenylene vinylene]; MEH-PPV) isolated as single molecules in a host matrix (a non-conductive polymer, poly(methyl methacrylate); PMMA). The authors observed clear differences in the translational diffusion of single MEH-PPV chains before, during and after SVA. Before and after annealing, single chains were visible as sharp, stationary fluorescent spots, but during annealing, the spots were blurred and danced around freely (Fig. 1) .
From these results, Vogelsang et al. concluded that MEH-PPV/PMMA films absorb solvent and swell during SVA, and that the annealing process lowers the glass-transition temperature of the film to below ambient temperature, which increases chain mobility. The film therefore exists as a heterogeneous mixture of solid and liquid-like phases during annealing. Crucially, the authors were able to monitor the translational motion of single MEH-PPV chains in the solid and liquid-like phases by simply tracking the movement of the fluorescence spots. Some of the single-chain diffusion was, however, too rapid to be observed using microscopy, but the authors were able to detect this using a technique known as fluorescence correlation spec troscopy. The authors' results also showed that SVA generates different kinds of swelling processes in the host matrix, and causes single MEH-PPV polymer chains to diffuse in several different ways.
In the past few years, various studies [1] [2] [3] have provided evidence that MEH-PPV molecules adopt numerous configurations within a PMMA host, ranging from complex disordered structures that are roughly cylindrical, to highly ordered ones such as toroids and rods. The three-dimensional shape of MEH-PPV polymer chains is expected to have a profound impact on the electronic properties of the molecules and on their individual fluorescence quantum yields -a measure of how much light the chains produce in response to excitation by incoming photons. Vogelsang and colleagues 5 found that MEH-PPV polymer chains undergo folding and unfolding events between collapsed and extended conformations during SVA. The transition between these conformations correlates with fluctuations in the fluorescence intensity of single chains, which occur because the fluorescence quantum yield of MEH-PPV is lower in collapsed conformations.
The authors also characterized the conformational order of single MEH-PPV chains using fluorescence excitation polarization spectroscopy, which measures variations in fluor escence in different directions. From these data, Vogelsang et al. concluded that SVA equilibrates MEH-PPV single chains in the matrix towards lower-energy conformations, which ultimately leads to the production of highly ordered conformations after annealing. The authors used the same technique to analyse vapour-annealed MEH-PPV/PMMA films that had been prepared in different solvents. They observed that, as long as SVA was performed using a good solvent (one in which the film is soluble), then single chains could be reorganized into lowenergy, high-order conformations regardless of the solvents in which the film was prepared.
The ability to follow annealing effects at the molecular level will undoubtedly improve our understanding of polymer reorganization processes, and offers a complementary approach to microscopy methods that monitor the surface features and textures of thin films. Insights into how single-chain morphology changes in thin films, block co-polymers, or even in highly ordered self-assembled structures, will
